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ABSTRACT 
 
 
Livestock Mortality at Beef Farms with Chronic Wolf (Canis lupus) 
 
Depredation in the Western Great Lakes Region (WGLR) 
 
 
by 
 
 
Arion J. Vandergon, Master of Science 
 
Utah State University, 2009 
 
 
Major Professor: Dr. John A. Shivik 
Department: Wildland Resources 
 
 
Gray wolf (Canis lupus) depredation on beef calves has been studied extensively 
in recent years. As wolf populations increase throughout the United States there is a 
corresponding increase in wolf/livestock interactions. Most research concentrates on 
summaries of reported depredations and surveys of producers affected by depredations. 
The objective of this study was to present data on the fate of beef calves on 3 farms in 
Minnesota and Wisconsin over a 2-year period. Predator presence/absence was studied as 
an indicator of potential depredations. Also, data are presented comparing 2 techniques 
that may aid researchers and livestock producers with monitoring livestock. Radio 
telemetry collars and ear tags were applied to beef calves on 3 farms in northern 
Minnesota and Wisconsin during the spring and summer of 2006 and 2007. During this 
time, 4 calves were killed by wolves on the study farms. Wolves did not appear to be 
selecting the youngest calves and most depredations occurred from April through July. 
Although not statistically significant, wolf sign appeared at slightly higher rates on study 
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farms than on land adjacent to these farms. Predator sign, including coyote (Canis 
latrans) and black bear (Ursus americanus), appeared more often in the heavily forested 
areas of the farms. Radio collars and radio ear tags were helpful for monitoring beef 
calves during this study. Radio collars had much longer transmitting distances than ear 
tags (2.3 ± 0.8 miles and 0.4 ± 0.2 miles, respectively). Radio ear tags had a potential for 
causing beef calves’ ears to droop or were ripped out, possibly lowering their market 
value. Currently, cost is prohibitive for the widespread use of radio transmitters for 
monitoring livestock but as the price of new technologies decreases, transmitters may 
become an integral part of livestock production on farms with chronic wolf depredation. 
(66 pages) 
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CHAPTER 1 
  
INTRODUCTION 
 
 
Historically, wolves (Canis lupus) have been extirpated from much of the lower 
48 states to prevent predation or perceived predation on livestock (Mech 1970, Lopez 
1978, Mech and Boitani 2003). Following extirpation, wolf depredations ceased except in 
northern Minnesota where a small stable wolf population remained (Mech and Boitani 
2003). With the listing of the gray wolf on the Endangered Species List (ESL) in 1973, 
populations of wolves began to re-establish in northern Wisconsin and wolf-livestock 
conflicts increased (Fritts 1982, Treves et al. 2002).  
Throughout North America, wolf depredation of domestic cattle, mainly calves, is 
relatively low (Fritts 1982, DelGiudice 1998, Mech et al. 2000, Bangs and Shivik 2001, 
Oakleaf et al. 2003, Parsons 2003). However, to producers that experience predation 
events, the loss is real and significant, both emotionally and economically (Fritts 1982, 
Paul and Gipson 1994, Mech et al. 2000). For example, in northern Wisconsin, each calf 
can be sold in the fall for $600-$1,000 (Mike Mikrot, Wisconsin beef producer, personal 
communication).  
Wolf predation on beef calves in the Western Great Lakes Region (WGLR; MN, 
WI, and MI) follows a seasonal pattern with the majority of depredations occurring 
between March and September (Fritts et al. 1992, Treves et al. 2002). Peaks in Wisconsin 
depredations occur in May and September which coincide with livestock calving and 
hunting-dog training on public land, respectively (Treves et al. 2002). Studies indicate 
calf age (younger calves selected over older calves) is the most important factor in 
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calves’ susceptibility to predation (Bjorge 1983, Fritts et al. 1992, Treves et al. 2002, 
Oakleaf et al. 2003). Habitat also plays an important role in susceptibility; animals most 
often taken by predators are grazing along the forest-agricultural boundary and predation 
rates are positively correlated with forest cover (Dorrance 1982, Fritts 1982, Bjorge 1983, 
Bjorge and Gunson 1985, Fritts et al. 1992, Oakleaf et al. 2003, Treves et al. 2004). 
Mech et al. (2000) identified 3 factors that predispose beef farms to wolf 
depredations. Farms that experienced chronic wolf depredations were larger in acreage, 
had more cattle, and had herds farther from human dwellings. Although some studies 
have proposed that improper livestock carcass disposal attracts carnivores (Fritts 1982, 
Fritts et al. 1992), Mech et al. (2000) found no correlation between carcass disposal and 
predation events. 
The winter severity index (WSI) has also been proposed as a factor in predicting 
yearly depredation intensity (Mech et al. 1988, Fritts et al. 1992, DelGiudice 1998). Wolf 
depredation on domestic animals is inversely related to the previous winter’s WSI (Mech 
et al. 1988, Fritts et al. 1992, DelGiudice 1998). DelGiudice (1998) proposed that mild 
winters place lower nutritional stress on deer fawns making them less vulnerable to 
predation. Depredations on livestock increase after less severe winters, suggesting that, 
with lower deer fawn vulnerability, wolves are prey switching to domestic livestock 
(DelGiudice 1998). 
Currently in Minnesota and Wisconsin, possible wolf depredations are 
investigated by United States Department of Agriculture (USDA), Animal and Plant 
Health Inspection Service, Wildlife Services (WS) technicians after the loss is reported to 
the district office (Dave Ruid, Wisconsin USDA WS, personal communication). A field 
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necropsy is conducted by a technician to determine the cause of death. If a loss is judged 
to be a wolf depredation, the producer can be compensated through state funding for that 
loss and wolf control (lethal or non-lethal) can occur (USDA/APHIS/WS 2002; 2003). 
As of 12 March 2007, the gray wolf was delisted from the ESA in the Western 
Great Lakes Distinct Population Segment, including Minnesota and Wisconsin (Parham 
and Refsnider 2007). This delisting is an indication of the growing numbers of wolves 
throughout the region. The current population estimate for Wisconsin is 540 to 577 
wolves with at least 17 lone wolves and the remainder occurring in approximately 138 
packs (Wydeven et al. 2007). Minnesota does not have a current estimate of the wolf 
population but the 2004 estimate was 3,020 wolves in 485 packs (Erb and Benson 2004).  
The extent of predation on livestock when carcasses were found has been studied 
thoroughly (Dorrance 1982, Bjorge 1983, Bjorge and Gunson 1985, Fritts et al. 1992) but 
relatively little information is available on livestock with unknown fates (missing 
livestock). Many producers’ reports of livestock depredation are based on missing 
animals (Fritts 1982, Bjorge 1983, Fritts et al. 1992, Oakleaf et al. 2003), but the cause of 
the disappearance and death of these animals is sometimes unclear. Are most animals 
missing due to wolf depredations and therefore should the producer be compensated for 
the losses? Or are the missing animals dying from disease or predation by coyotes and 
black bears, thus not warranting compensation? 
The objective of this thesis was to examine aspects of wolf predation on farms in 
Wisconsin and Minnesota.  First, I examined the fate of calves on several farms in the 2 
states.  Second, I monitored predator presence on and adjacent to the farms.  Lastly, I 
determined the usability of a novel technology for monitoring calves. 
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CHAPTER 2 
MONITORING THE FATE OF BEEF CALVES IN WOLF RANGE 
Introduction 
 Investigation of wolf predation first documents the degree to which predation 
occurs and then identifies any patterns in the sequence, timing, and other aspects of 
predation events. My specific objective in this chapter was to determine the fate of calves 
that die on beef farms in wolf range and under what conditions wolf predation is likely to 
occur.  
 
Study Area 
During the spring and summer of 2006 and 2007, I conducted a radio telemetry 
study of calves in northern Minnesota and Wisconsin. Two farms in northern Wisconsin 
and 1 farm in northern Minnesota participated in the study. To participate in the study, all 
farms needed to meet 6 criteria: 
1. The farm must be in the Western Great Lakes Region (WGLR). 
2. The reported mortality of calves must be greater than the average National 
Agricultural Statistics Service (NASS) calf mortality (2-3%). 
3. The farm must have a chronic depredation status (≥2 verified wolf depredations 
over the previous 5 years). 
4. The farm must have synchronized calving in the spring. 
5. The calves must be handled shortly after birth for collaring and tagging purposes. 
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6. There must be adequate herd management records available to determine calving 
dates. 
The 3 farms selected for the study were spread out over approximately 180 miles, 
spanning a large area of the current wolf distribution in Minnesota and Wisconsin (Figure 
2-1). The first farm (Farm A) is a 320-acre farm in Barron County, WI with cattle grazing 
approximately 200 acres of wooded/pastured land. This farm produces approximately 45 
calves each year. The second farm (Farm B) is a 1,200-acre farm in Douglas County, WI 
that produces approximately 210 calves each year, with cattle grazing all areas of the 
farm (approximately 1,200 acres of wooded/pastured land). Due to funding constraints, I 
could only include Farm B for the 2006 study season. The third farm (Farm C) is a 1,200-
acre farm in Itasca County, MN that produces around 200 calves each year and cattle 
graze approximately 1,000 acres of wooded/pasture land. 
 
Methods 
Field Methods 
During the spring calving seasons, the 3 farms collared calves as soon as possible 
after birth using custom expandable radio telemetry collars (Advanced Telemetry 
Systems, Inc., Isanti, MN, USA). Radio collars were set to the smallest neck size (20 
inches) and slipped over the calf’s head in the field. The collars had a battery capacity of 
706 days with a range of approximately 1 mile (see following chapter). The pulse rate for 
the collars was 55 pulses per minute (ppm) with a 4-hour mortality switch with 110 ppm. 
The collars each weighed 245 grams which is less than 1% of a newborn calf’s weight. 
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Figure 2-1. Locations of the 3 farms included in the study (Farm A, Barron County, WI; 
Farm B, Douglas County, WI; and Farm C, Itasca County, MN). Current probable wolf 
territory (Erb and Benson 2004, Wisconsin Department of Natural Resources 2007) 
appears as the solid line with wolves possibly inhabiting areas north of this line and in 
each polygon south of the line. 
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During the 2006 spring calving season, 105 radio ear tag transmitters (Advanced 
Telemetry Systems, Inc., Isanti, MN, USA) were applied to calves on Farm B (Douglas 
Co., WI) to test an alternative to radio telemetry collars. Within 2 weeks, 4 tags fell off 
and I was unable to capture the calves to reapply the tags. Farm C (Itasca Co., MN) was 
supplied with these 4 tags to make use of the transmitters.  
The ear tags had a battery capacity of 586 days with a range of approximately 0.5 
miles (see following chapter). Each ear tag weighed 19.7 grams and was applied with 
standard ear tag applicator pliers.  
In addition to radio identification, calves were ear tagged with a numbered tag 
according to each producer’s normal husbandry practices. Data collected at the time of 
collaring and ear tagging included date of birth, sex, color of calf for visual identification 
in the field, ear tag number, and radio tag/collar frequency. 
Audio checks of calves were done less than or equal to every 48 hours to listen for 
any radio signals that may have changed to mortality mode. Visual checks of the calves 
were done fortnightly to determine if the radio ear tags were still attached properly and if 
the collars were causing irritation to any calves. 
Upon hearing a mortality signal from a collar or ear tag, the calf was located. The 
cause of death was categorized as predation (wolf, coyote, or bear), disease, or other 
(natural causes such as exposure to the elements or abandonment by the mother). I or a 
Wildlife Services technician investigated depredations to ascertain the type of predation 
(wolf, coyote, or bear). If a wolf depredation occurred, WS carried out normal control 
actions (i.e., attempt to trap and remove wolves) for Wisconsin farms, while no control 
action was taken for other types of predation.  
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I recorded locations of calf carcasses using a GPS receiver and conducted 
visibility surveys at the site of each carcass to estimate the visibility of each carcass to the 
producer when searching for missing calves in the field. I estimated vegetation density 
and measured carcass visibility with a cover pole modified from Griffith and Youtie 
(1988). A 1-meter length of PVC pipe (3.8 cm diameter) was divided into decimeter 
sections of alternating black and white. The cover pole was placed in the ground at the 
site of the carcass with an attached stake. The number of visible decimeter bars was 
counted from the 4 cardinal directions at both 5 and 15 meters from the carcass. I used 
the mean of the carcass visibilities from the 4 directions for the visibility from that 
distance. This number was converted into a percentage visibility for analysis (e.g., 3 
visible bars = 30% visibility). When visibility was less than 100%, the cause of the 
obstruction was noted. Predators could drag carcasses away from known human travel 
routes and into dense vegetation. For this reason, I also recorded the distance to the 
nearest access point (road, gate, etc.) and measured the carcass visibility from that point 
using the cover pole. 
In addition to carcass visibility surveys being conducted on the study sites, 
Minnesota and Wisconsin USDA WS technicians conducted surveys for the majority of 
depredation complaints during the 2006 and 2007 depredation seasons. Technicians used 
the above protocol to measure the carcass visibility. Not all farms were included in this 
analysis due to the producer’s preference not to participate.  
Data Analysis 
Farm histories. I collected depredation histories for each of the 3 study farms for 
1996 to 2005 from the respective USDA WS state offices. The information collected 
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included the date the depredation was reported, the claimed loss, the verified loss, and the 
action taken by WS personnel. The claimed value amount reported by each producer was 
available for Wisconsin producers but not for Minnesota producers due to differences in 
the information collected at the time of the report. For this reason, no values are given for 
Farm C’s reported losses. 
I evaluated the effects of wolf control by comparing years when control action 
occurred or did not occur following reported depredations with whether or not there were 
reported depredations that occurred the following year. The 3 study farms were pooled 
for this analysis. 
Analysis of calf fates. I compiled a list of calf ages from the whole population on 
the farm at the time of each depredation for the confirmed wolf depredations on study 
farms. Calf ages were standardized by dividing each calf’s age by the age of the oldest 
calf alive at that time, producing a standardized age between 0 and 1 so that the 
distributions for each depredation could be compared.  
At the time of each depredation I produced histograms of the calf ages. I looked at 
each histogram to determine if there were data points that may lie outside the 95% 
confidence intervals for the data. In several of the histograms, there were data points that 
were outside of this interval. I truncated the data to remove these points in the data and 
used this truncated dataset to create a simultaneous beta distribution (a continuous 
probability distribution between 0 and 1; Stauffer 2008) with 1,000 replications. I 
overlaid this distribution with the data gathered in the field to determine the expected 
values of calf ages.  Thus, the distribution of expected availability was compared with the 
actual age of the calf during each predation event. I determined the values of the variables 
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alpha (α) and beta (β) by constraining the solution to equal the mean (µ) and variance (σ2) 
of the truncated data (Microsoft® Excel Solver, Microsoft Corporation, Redmond, WA, 
USA). Alpha and beta values were constrained using the formulas βα
αμ +=  and 
)1()( 2
2
+++= βαβα
αβσ  for the mean and variance, respectively. I then overlaid this 
adjusted beta distribution with its respective histogram to provide a reference for how the 
data should fall if they are indeed represented by a continuous distribution function.  
Thus, the age of each calf killed was associated with the probability of a wolf killing a 
calf of that age.  To determine if wolves were selecting for smaller calves, I did a meta-
analysis to determine if overall, wolves selected for younger calves. I also compared the 
color and sex of each calf killed with the color and sex of all calves available at the time 
of depredation to determine if wolves were preferentially selecting calves based on color 
and/or sex. 
Carcass visibility. Carcass visibility data collected from WS personnel were 
grouped by cause of death into 2 groups, wolf depredation and unconfirmed, for all 
investigated cases. Unconfirmed deaths included any other type of predation (e.g., coyote 
depredation), disease, and natural causes. I conducted a t-test for each of the distances the 
visibility was measured (from 5 meters, 15 meters, and from the nearest access point) to 
determine if there was a difference of means between the two categories. 
I used ArcGIS 9.1 (ESRI Inc., Redlands, CA, USA) to create a map of the 
Universal Transverse Mercator (UTM) locations of the carcasses investigated by WS 
personnel and myself. I used a base layer of Level I Ecoregions (United States 
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Environmental Protection Agency, Western Ecology Division, Corvallis, OR, USA) with 
the outline shapefiles of Minnesota and Wisconsin (Minnesota Department of Natural 
Resources, St. Paul, MN, USA and Wisconsin Department of Natural Resources, 
Madison, WI, USA, respectively). These Ecoregions give a course level overview of the 
ecology that the various depredations occurred in on a broad landscape level. I created a 
shapefile of the estimated wolf range for Minnesota and Wisconsin based on distribution 
data available from each state’s Department of Natural Resources office (Erb and Benson 
2004, Wisconsin Department of Natural Resources 2007).  
 
Results 
Farm histories. Farm A began experiencing wolf predation in April of 2002, 
losing 2 calves that year for a loss of $800, which were attributed to wolf predation 
(Table 2-1). No control actions were taken. During 2003, Farm A reported 4 calves killed 
for a total monetary loss of $2,850, which were determined to be wolf depredation and 
thus WS commenced trapping using foot-hold traps. In 2004 Farm A reported 4 losses for 
a total monetary loss of $3,925, and 3 of 4 losses were determined to be probable or 
confirmed wolf depredations and WS commenced trapping following those losses. The 
majority of the calves taken were younger than 20 days and/or less than 200 lbs with the 
exception of 2 calves (1 that was 136 days old and 1 that was 450 lbs). In addition, most 
depredations occurred between April and July with 1 occurring in March and 1 in 
August.  
Farm B experienced no loss prior to 2005, but during the spring and summer of 
2005, they reported 5 losses for a total monetary loss of $3,750 (Table 2-2). Each of these 
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depredations were confirmed and WS personnel set foot-hold traps to control the wolves 
following each loss. During the 2006 study season, Farm B reported that a newborn Red 
Angus calf, valued at $700, was lost to wolves. This calf was not radio marked and as a 
result, not included in any analysis. Wildlife Services personnel were unable to confirm a 
cause of death so no control action was taken. The following year, after Farm B was no 
longer part of the study, they reported 4 different depredation events for a total monetary 
loss of $4,150. Only 1 out of these 4 was confirmed with control carried out following the 
loss. The calves killed on Farm B varied in age and/or weight more than Farm A calves. 
Of the available ages and weights, only 2 calves were smaller than 200 lbs and/or 
younger than 20 days old. Similar to Farm A, most depredations occurred from April to 
July with 2 at the beginning of August and 1 adult reported killed but unconfirmed in 
February. 
Farm C has had problems with wolves for over 20 years. Loss prior to 1996 is 
included in a study by Elizabeth Harper (see Harper et al. 2005). No data on the sex, age, 
or approximate value of the calves were available for Farm C. During 1997 Farm C 
reported 1 loss that was unconfirmed by WS as a wolf depredation (Table 2-3). The 
remaining reported losses from 1998 to 2007 were confirmed as wolf depredations by 
WS. In 1998, 1 calf was lost to wolves. Following this loss, in 2000, a heifer was 
wounded by wolves. There were no problems for 2 years but then in 2003, 1 kill was 
confirmed as wolf depredation. Again in 2004, 1 calf was killed by wolves. Finally, 
during 2005, Farm C reported 3 calves killed and 1 wounded by wolves. Similar to Farms 
A and B, all but 1 of the depredations on Farm C occurred between April and July.  
13 
There were 11 calf-seasons in which depredations were reported on Farms A, B, 
and C in which data were available for the occurrence of reported depredations the 
following season (3 calf-seasons, 2 calf-seasons, and 6 calf-seasons, respectively; Tables 
2-1, 2-2, and 2-3, respectively). Data from 2007 were not usable because there were no 
calf-seasons following this year to complete the analysis. For 4 of the 11 calf-seasons, 
control action occurred with at least 1 reported depredation the following calf-season 
(Table 2-4). For 4 of the 11 calf-seasons, control action occurred with no reported 
depredations the following season. For 3 of the 11 calf-seasons, there was no control 
action taken for reported depredations and at least one reported depredation occurred the 
following calf-season. 
Calf fates. During 2006, Farm A collared 38 calves, Farm B collared 68 calves 
and ear tagged 101 calves, and Farm C collared 106 calves and ear tagged 4 calves. In the 
2007 spring calving season Farm A collared 35 calves and Farm C collared 164 calves. 
No radio tagged calves were lost during the 2006 study season on any of the 
farms. Over the 2007 study season, Farm A reported 3 losses and Farm C reported 2 
losses (Tables 2-1 and 2-3, respectively).  
The first wolf depredation on Farm A on 17 July 2007 had a standardized age of 
0.005, which fell at the beginning of the age distribution (Figure 2-2). There were 36 
calves alive at this time and truncating the data outside the 95% CI resulted in removing 5 
data points (2 oldest and 3 youngest). The original data set (without truncation) had a 
mean of the calf ages (μ) and variance of calf ages (σ2) of 0.800 and 0.037, respectively. 
The standardized ages of the calves from this truncated data set had a mean of 0.839 and 
a variance of 0.007. Using Microsoft Excel’s Solver, these constraints gave alpha (α) and 
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Table 2-1. The history of reported wolf depredations on Farm A in Barron County, WI. 
Year Calf Season Date Resource 
Age or 
Weight 
Estimated 
Valuea Verification 
Control 
Action 
2002 1 4/18 Holstein Heifer Calf 
80-100 
lbs $600.00 
Probable 
Depredation None 
2002 1 4/24 Hereford Bull Calf 
120-200 
lbs $200.00 
Probable 
Depredation None 
2003 2 4/22 Hereford Heifer Calf 2 days $700.00 
Confirmed 
Depredation 
Foot-hold 
Trapping 
2003 2 4/22 Hereford Heifer Calf 7 days $700.00 
Probable 
Depredation 
Foot-hold 
Trapping 
2003 2 5/14 
Black 
Angus 
Heifer Calf 
3 days $725.00 Probable Depredation 
Foot-hold 
Trapping 
2003 2 5/14 
Black 
Angus 
Heifer Calf 
3 days $725.00 Probable Depredation 
Foot-hold 
Trapping 
2004 3 5/18 Beef Calf N/A $625.00 Unconfirmed Depredation None 
2004 3 6/18 Hereford Heifer Calf 17 days $1,100.00 
Probable 
Depredation 
Foot-hold 
Trapping 
2004 3 6/18 Hereford Heifer Calf 18 days $1,100.00 
Probable 
Depredation 
Foot-hold 
Trapping 
2004 3 7/31 Hereford Heifer Calf 1 day  $1,100.00 
Confirmed 
Depredation 
Foot-hold 
Trapping 
2007 4 3/16 
Mixed 
Breed 
Heifer Calf 
450 lbs $1,100.00 Probable Depredation 
Foot-hold 
Trapping 
2007 4 7/19 Beef Calf < 1 day $650.00 Probable Depredation 
Foot-hold 
Trapping 
2007 4 8/27 
Mixed 
Breed 
Bucking 
Stock Heifer 
Calf 
136 days $1,100.00 Probable Depredation 
Foot-hold 
Trapping 
a These values are taken from WS reports and are not verified to be accurate 
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Table 2-2. The history of reported wolf depredations on Farm B in Douglas County, WI. 
Year Calf Season Date Resource 
Age or 
Weight 
Estimated 
Valuea Verified 
Control 
Action 
2005 1 5/27 Red Angus Bull Calf 28 days $750.00 
Confirmed 
Depredation 
Foot-hold 
Trapping 
2005 1 7/9 Red Angus Bull Calf b 175 days $750.00 
Probable 
Depredation 
Foot-hold 
Trapping 
2005 1 7/15 Red Angus Heifer Calf 60 days $750.00 
Confirmed 
Depredation 
Foot-hold 
Trapping 
2005 1 8/2 Red Angus Calf b 250 lbs $750.00 
Confirmed 
Depredation 
Foot-hold 
Trapping 
2005 1 8/2 Red Angus Calf c N/A $750.00 
Probable 
Depredation 
Foot-hold 
Trapping 
2006 2 5/15 Red Angus Calf < 1 day $700.00 
Unconfirmed 
Depredation None 
2007 3 2/18 Red Angus Adult Cow Adult $1,500.00 
Unconfirmed 
Depredation None 
2007 3 4/14 
2 Red 
Angus 
Calves 
Stillborn $1,400.00 ($700 ea.) 
Confirmed 
Damage 
Threat d 
None 
2007 3 6/20 Red Angus Calf b N/A $500.00 
Unconfirmed 
Depredation None 
2007 3 6/27 Red Angus Calf 66 days $750.00 
Probable 
Depredation 
Foot-hold 
Trapping 
a These values are taken from WS reports and are not verified to be accurate. 
b The reported damage was an injured animal (not killed).  
c The reported damage was a missing animal. 
d A confirmed damage threat means that there is a relevant threat of wolf depredations 
occurring in the future, although the current investigation is not a wolf depredation. 
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Table 2-3. The history of reported wolf depredations on Farm C in Itasca County, MN. a 
Year Calf Season Date Resource Verification Control Action 
1997 1 4/23 Beef Calf Unconfirmed Depredation None 
1998 2 5/23 Beef Calf Confirmed Depredation 
Foot-hold 
Trapping 
2000 3 5/22 Beef Heifer b Confirmed Depredation Foot Snaring 
2003 4 3/14 Beef Calf Confirmed Depredation 
Foot-hold 
Trapping 
2004 5 4/6 Beef Calf Confirmed Depredation 
Foot-hold 
Trapping 
2005 6 4/12 2 Beef Calves Confirmed Depredation 
Foot-hold 
Trapping 
2005 6 7/8 Beef Calf Confirmed Depredation 
Foot-hold 
Trapping 
2005 6 7/8 Beef Calf b  Confirmed Depredation 
Foot-hold 
Trapping 
2007 7 6/14 Beef Calf Confirmed Depredation None
 c 
2007 7 7/8 Beef Calf Confirmed Depredation None 
c 
a No data were available for the sex, age or weight, or the estimated monetary value of 
calves. 
b The reported resource was an injured animal (not killed). 
c No control action was taken to compare effects of wolf control with occurrence of 
additional depredations. 
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Table 2-4. Instances when control action occurred or did not occur and the presence or 
absence of reported depredations the following year on the three study farms. 
Farm and Calf Season Control Action Occurred Reported Depredations the Following Year 
A – 2002 No Yes 
A – 2003 Yes Yes 
A – 2004 Yes No 
B – 2005 Yes Yes 
B – 2006 No Yes 
C – 1997 No Yes 
C – 1998 Yes No 
C – 2000 Yes No 
C – 2003 Yes Yes 
C – 2004 Yes Yes 
C – 2005 Yes No 
 
beta (β) values of 16.603 and 3.193, respectively.  
The second wolf depredation on Farm A on 24 August 2007 had a standardized 
age of 1.000, which fell at the end of the age distribution (Figure 2-3). There were 36 
calves alive at this time and truncating the data removed 5 data points (2 oldest and 3 
youngest calves). The original data set (before truncation) had a mean of all calf ages of 
0.856 and a variance of all calf ages of 0.022. The standardized ages of the calves after 
truncation had a mean of 0.885 and a variance of 0.003. Alpha and beta values were 
26.403 and 3.426, respectively, when constrained to the truncated data. 
The first wolf depredation on Farm C on 14 June 2007 had a standardized age of 
0.704, which fell in the middle of the age distribution (Figure 2-4). There were 157 calves 
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alive at this time and truncating the data removed 24 calves (12 youngest and 12 oldest). 
The original data set had a mean of all calf ages of 0.632 and a variance of all calf ages of 
0.065. The truncated data set had a mean and variance of 0.651 and 0.041, respectively. 
Using these constraints, the alpha value was 2.970 and the beta value was 1.592. 
The second and final wolf depredation on Farm C on 8 July 2007 had a 
standardized age of 0.558, which fell towards the middle of the age distribution (Figure 
2-5). There were 162 calves alive at this time and truncating the data removed 24 calves 
(12 youngest and 12 oldest). The original data set (before truncation) had a mean of all 
calf ages of 0.704 and a variance of all calf ages of 0.046. After truncating the data, the 
resulting mean was 0.722 and the variance was 0.028. The alpha and beta values were 
4.408 and 1.696 when constrained to the truncated data. 
The mean standardized age of the 4 calves killed was 0.567 with a minimum of 
0.005 and a maximum of 1.000. Although in 1 instance the youngest calf was selected, 
this appears to be rare. The mean of these probabilities indicated that there is no evidence 
that wolves choose smaller calves.  
The color and/or sex of the calf appear to play no role in the selection process as 
can be seen by the calves that were killed on the two farms. Of the 4 calves killed, 2 were 
black, 1 was white, and 1 was black and white. Three of the 4 calves were female but this 
is much too small of a sample size to draw conclusions about the selection of the sex or 
color of the calf and its risk of being selected by a wolf.  
Carcass visibility. Reported wolf depredations ranged across the majority of the 
current probable wolf range in Minnesota and Wisconsin with 3 reports falling outside of 
the Wisconsin wolf range proposed by the Wisconsin DNR (Wisconsin Department of 
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Farm A: Age Distribution of Calves at the Time of the First Wolf 
Depredation (7/17/07).
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Figure 2-2. The histogram of the age distribution of calves on Farm A at the time of the 
first wolf depredation on 7 July 2007. The black bars represent the frequency of the data 
set at each standardized age bin. The black line represents the beta distribution with alpha 
(α) and beta (β) values constrained to the mean and variance of the truncated data set 
using 15% truncation. 
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Farm A: Age Distribution of Calves at the Time of the Second Wolf 
Depredation (8/24/07).
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Figure 2-3. The histogram of the age distribution of calves on Farm A at the time of the 
second wolf depredation on 24 August 2007. The black bars represent the frequency of 
the data set at each standardized age bin. The black line represents the beta distribution 
based on alpha and beta values constrained to the mean and variance of the 15% 
truncation of the original data set. 
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Farm C: Age Distribution of Calves at the Time of the First Wolf 
Depredation (6/14/07).
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Figure 2-4. The histogram of the age distribution of calves on Farm B at the time of the 
first wolf depredation on 14 June 2007. The black bars represent the frequency of the data 
at each standardized age bin. The black line represents the beta distribution based on 
alpha and beta values constrained to the mean and variance of a 15% truncation of the 
original data set. 
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Farm C: Age Distributions of Calves at the Time of the Second Wolf 
Depredation (7/8/07).
0
5
10
15
20
25
30
35
40
45
50
0.
06
0.
19
0.
33
0.
46
0.
60
0.
73
0.
87
1.
00
1.
13
1.
27
Standardized Age Bins
D
at
a 
Fr
eq
ue
nc
y
0
50
100
150
200
250
300
350
B
et
a 
Fr
eq
ue
nc
y
Data Adjusted Beta Distribution
Wolf Depredation: Black 
Female Calf, Standardized 
Age of 0.558.
 
 
Figure 2-5. The histogram of the age distribution of calves on Farm B at the time of the 
second wolf depredation on 8 July 2007. The black bars represent the frequency of the 
data at each standardized age bin. The black line represents the beta distribution based on 
alpha and beta values constrained to the mean and variance of a 15% truncation of the 
original data set. 
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Natural Resources 2007; Figure 2-6). Over 2006 and 2007, there were 48 reported 
depredations in which the producers allowed Wildlife Services personnel to collect data. 
Of these 48 reported depredations, 36 were confirmed wolf depredations and the 
remaining 12 were unconfirmed. Six of the reported depredations were in the Eastern 
Temperate Forests Ecoregion with the rest (42 reports) occurring in the Northern Forests 
Ecoregion.  
The mean visibility of a wolf depredation at 5 meters from the carcass was 
85.28% with a variance of 971.35 (n = 36). The mean visibility of an unconfirmed loss at 
5 meters from the carcass was 82.81% with a variance of 1186.97 (n = 12). The t-test for 
5 meters showed no significant difference between the visibilities (t = 0.22, degrees of 
freedom (d.f.) = 46, p = 0.83).  
The mean visibility of a wolf depredation at 15 meters from the carcass was 
75.59% with a variance of 1457.90 (n = 36). The mean visibility of unconfirmed losses at 
15 meters from the carcass was 76.04% with a variance of 1593.70 (n = 12). There was 
no significant difference between the visibilities at 15 meters (t = 0.03, d.f. = 46, p = 
0.97). 
Visibility of wolf depredations from the nearest access point had a mean of 
54.17% with a variance of 2482.14 (n = 36). The visibility of unconfirmed losses from 
the nearest access point had a mean of 61.46% with a variance of 2370.98 (n = 12). There 
was no significant difference between the visibility of wolf depredations and the visibility 
of unconfirmed losses from the nearest access point (t = 0.45, d.f. = 46, p = 0.66).  
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Discussion 
My data and analyses suggested several interesting results. First, wolf 
depredations are quite difficult to predict. Chronic wolf depredations at a farm do not 
necessarily mean continuous depredation problems. Many external factors may play a 
role, including human movements and alternate food sources (e.g., fluctuations in deer 
population sizes). 
As can be seen from the control actions taken on the 3 study farms, controlling 
wolves does not guarantee that the depredations will cease within the same season (Table 
2-4). However, lethal wolf control is still an important and necessary component of gray 
wolf management in both Wisconsin and Minnesota. Four of the 11 calf-seasons in which 
control occurred, there were no reported depredations the following season. In addition, 3 
of the 11 calf-seasons there was no control action taken but the following season 
depredations were reported. It is impossible to determine if control actions were taken in 
these 3 calf-seasons that no depredations would be reported the following season but 
there is the chance that this would occur. Although sample sizes were small to draw 
definitive conclusions, the data, as well as past research, indicate that some depredations 
can be prevented by conducting wolf control (Fritts et al. 1992, Harper et al. 2008).   
The question becomes whether wolves stopped killing calves in 2005 on Farm A 
because of our presence or if there was one or more external factors that ended the 
depredations. Although new research suggests that human presence from running trap 
lines on farms could possibly reduce the number of subsequent depredations (Harper et 
al. 2008), I would argue that our presence on the farm had little effect on wolf 
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Figure 2-6. Locations of reported wolf depredations on beef calves in Minnesota and 
Wisconsin during 2006 and 2007. The current wolf range is based on reports from the 
Minnesota and Wisconsin Departments of Natural Resources (Erb and Benson 2004, 
Wisconsin Department of Natural Resources 2007). There were 48 reported depredations 
of which 36 were confirmed wolf depredations and the remaining 12 were unconfirmed. 
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movements and behavior. Prior to the start of the study, each producer checked on calves 
on a daily basis by going out in to the field and conducting a visual check, usually from 
an all terrain vehicle (ATV). Wildlife Services personnel and myself also used ATVs to 
check on calves and entered the field less often than the producers, meaning if anything, 
wolves should be moving more rather than less around the farm.  
External factors, such as food availability and movement corridors, could have 
been the cause for ending depredations on Farm A. In 2001, differences in husbandry 
practices occurred at an adjacent farm; that is, the adjacent farm converted to dairy 
production and instead of burying or burning the cow carcasses, they were piled behind 
the barn, possibly creating an opportunity for wolves to scavenge. Although previous 
research found no relationship between carcass piles and depredations (Mech et al. 2000, 
Bradley and Pletscher 2005) the presence of an additional food source could have drawn 
wolves to the site temporarily. The neighbor’s property is connected to Farm A’s 
property by a forested creek bottom. During the calving season in the spring, the cows on 
Farm A are pastured around this creek to use it as a water source. The creek provided the 
wolves in the area with a movement corridor to travel between the neighbor’s carcass pile 
and the spring calving grounds.  
The following year (2002), Farm A started to experience wolf depredations on the 
calves. These depredations continued until the start of the pilot study in 2005. Two things 
happened prior to the start of the pilot study. First, in the fall of 2004, the new neighbor 
moved away from the area and the buyers of the farm removed the carcass dump. 
Second, Defenders of Wildlife helped Farm A drill a well and set up a pump house to 
water the calves in an open area away from the forested creek. The combination of these 
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two events may have been enough to end the depredations, at least temporarily. The food 
source provided by the carcass dump may have kept the wolves in the area and the 
forested creek bed provided a sheltered corridor for the wolves to travel between the 
farms. By moving Farm A’s calving grounds up away from the creek and into the open, 
the wolves may have been less motivated to prey on the calves. Wolf depredations began 
occurring in 2007 which may have to do with the wolves in the area becoming 
accustomed to the new husbandry practices and learning how to most effectively prey on 
beef calves. In addition, it is possible that wolves in this area have developed a search 
image for beef calves due to the frequency of livestock encounters on this 
agriculture/forest fringe. Additional research would be required to further investigate this 
hypothesis. 
There did not appear to be any pattern to the depredations on Farm’s B and C 
during the history of the farms and the study. During 2006, there were no confirmed 
predations on either of these farms. The lack of confirmed depredations may have to do 
with the availability of deer fawns to predation. The winter of 2005 to 2006 was a mild 
winter with warmer than average temperatures and little snow cover. The average winter 
severity indices (WSI) for Barron, Wisconsin (nearest to Farm A) and Pattison Park, 
Wisconsin (nearest to Farm B) were 22 and 17, respectively (Woodford and McCaffery 
2006). Under this classification, numbers less than 50 equate to a mild winter, numbers 
50-80 are moderate winters, numbers 80-100 are severe winters, and numbers over 100 
are extremely severe winters (Woodford and McCaffery 2006). The WSI for the Grand 
Rapids area of Minnesota (nearest area to Farm C) was 35 (Minnesota Department of 
Natural Resources 2007). The mild winter may have allowed more deer fawns to survive 
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over the 2005-2006 winter as well as higher recruitment of new fawns in the spring of 
2006. In addition to recruitment by older age classes, if these fawns from 2005 
reproduced as yearlings in 2006, they could have provided a surplus of new fawns 
available to wolves as prey during 2006.  
Another possible explanation for a lack of wolf depredations on Farm C during 
2006 is that the wolf pack was rebuilding after previous control measures were employed 
by USDA WS. The previous year (2005), 8 wolves were removed by WS personnel 
following confirmed wolf depredations. The drop in wolf numbers could have lowered 
the nutritional need of the wolf pack to a level that could be sustained by feeding 
exclusively on deer. In 2007, the pack may have rebounded in size and had a higher 
energy requirement that pushed the pack to opportunistically kill beef calves that were 
readily available. It is important to note that for the numbers of calves available to 
predators; relatively few calves are taken each year. 
 Another interesting point is that, based on my data, wolves are not picking the 
youngest calves available at the time of a depredation, instead, they may be 
opportunistically selecting calves based on chance occurrence (Figure 2-2 thru 2-5). Farm 
A had 2 confirmed wolf depredations with the youngest calf killed for the first 
depredation and the oldest calf killed for the second depredation. Farm C also had 2 
confirmed wolf depredations with both falling in the middle of the age distributions of the 
calves at the time of the depredation. 
There also seems to be no spatial pattern of wolf depredations across the current 
probable range in Minnesota and Wisconsin (Figure 2-6). Depredations occur throughout 
the wolf range with the majority falling in the Northern Forests Ecoregion. The location 
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of depredations may expand to new areas as wolves continue to expand south and come 
into contact with more and more livestock farms.  
There are several unanswered questions that may be answered with additional 
long-term research. First, why aren’t more beef calves killed each year by wolves? 
Second, what motivates a wolf to select a beef calf as a prey item? And finally, how can 
wildlife managers aid beef producers to minimize the risk of wolf depredation on their 
herds? 
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CHAPTER 3 
PRESENCE AND ABSENCE OF PREDATORS ON MINNESOTA  
AND WISCONSIN BEEF FARMS 
 
Introduction 
Predator presence on beef farms could increase the likelihood that depredations 
will occur. Increased predator presence becomes important, specifically with wolf 
presence, to give a preliminary indicator that depredations could occur. The objective of 
this chapter was to determine if predators, and more specifically, wolves, are frequenting 
beef farms more often than areas surrounding farms. 
 
Study Area 
During the spring and summer of 2006 and 2007 I conducted a predator track 
survey. This survey was carried out on the 3 farms participating in the radio telemetry 
study (Farm A, Barron County, WI; Farm B, Douglas County, WI; Farm C, Itasca 
County, MN), and the area surrounding each of the farms. The 3 farms contained a 
mixture of open fields, used for crops and pasture, and wooded lots of varying density. 
 
Methods 
Field Methods 
During the spring and continuing through the summer of 2006 and 2007, surveys 
were conducted on each farm and the surrounding area fortnightly to detect the presence 
of predators. Surveys were started at each farm after the first calf was born and radio 
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marked, and included an on-site transect (on the farm) and an off-site transect (land 
immediately adjacent to the farm) to detect predator presence inside and outside of farm 
boundaries.  
Surveys were conducted on existing human trails including farm roads, county 
gravel roads, and public use dirt roads and trails. Trails provided a vegetation-free 
substrate that facilitated detection of tracks and scat. Predators were known to often use 
trails as travel corridors (John Hart, Minnesota USDA WS and Dave Ruid, Wisconsin 
USDA WS, personal communication) so if a predator was in the area, it is likely that it 
would use or cross an existing trail. 
Survey routes were traveled using an all-terrain vehicle (ATV) traveling at a 
speed of ≤ 5 mph. Using slow-moving vehicles allowed routes to be traveled in a timely 
manner and provided an elevated view of the survey route to better detect predator sign. 
The occurrence of both scat and tracks was counted for 3 predators (gray wolf, coyote, 
and black bear) that occur on the study areas. GPS locations of tracks and scat were 
recorded for later mapping.     
Track length was measured and recorded for later verification if the surveyor was 
unsure of a predator’s identification. Coyote and wolf tracks were differentiated by shape 
and length based on Murie (1982) and experienced USDA WS field technicians. 
Specifically, coyote tracks ranged in length from 2 inches to 2.75 inches, while wolf 
tracks ranged from 3 inches to 4.50 inches. Scat for coyotes and wolves was 
differentiated based on the length and diameter (e.g., < 10 cm in length was considered 
coyote). Scat was identified as black bear based on size, shape, and content.   
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Data Analysis 
Predator survey data were compiled in Microsoft® Office Excel 2003 (Microsoft 
Corporation, Redmond, WA, USA). Predator sign was standardized for each survey by 
dividing the number of signs encountered by the survey distance (# sign/km). These data 
were then averaged to provide descriptive statistics of the data.  
Microsoft® Excel Analysis ToolPak was used to run a paired t-test to determine if 
there was a significant difference between the numbers of sign per kilometer on-site 
versus off-site for each farm. This was done for all predator sign on each farm and, more 
specifically, for wolf sign alone on each farm. 
Data were compiled into 2x2 contingency tables for each farm for all predator 
sign and wolf sign alone to conduct Fisher’s exact tests. The data were summarized into 
counts of the number of days sign was or was not found to create the table. The 
contingency table consisted of 4 cells, (1) sign was present on site, (2) sign was present 
off site, (3) sign was absent on site, and (4) sign was absent off site. The data were pooled 
for 2006 and 2007 for farms A and C while all farms were treated independently. 
I used SAS 9.1 for Windows (SAS Institute Inc., Cary, NC, USA) to conduct the 
Fisher’s exact tests. I used the proc freq command to produce the 2x2 table and run the 
Fisher’s exact test for each farm for all predator sign and for wolf sign alone which 
produced 6 results. 
I used ArcGIS 9.1 (ESRI Inc., Redlands, CA, USA) to create maps of each farm 
and the surrounding area. Farm boundary shapefiles were created by hand and overlaid 
on land cover tiled raster data sets for each state. WISCLAND Land Cover 
(WLCGW930; Wisconsin Department of Natural Resources, Madison, WI, USA), 
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published in 1998, was the most current land cover data available for Wisconsin. GAP 
Land Cover (Minnesota Department of Natural Resources, Division of Forestry, Grand 
Rapids, MN, USA), published in 2002, was the most current data available for 
Minnesota. Both raster data sets were adapted from the Upper Midwest Gap Analysis 
Program (UMGAP; United States Geological Survey, Upper Midwest Environmental 
Sciences Center, La Crosse, WI, USA). 
Shapefiles were created for each farm based on the UTM coordinates of track 
locations on and off each respective farm. These shapefiles were overlaid on to the map 
of farm boundaries and land cover data. In addition, shapefiles were created for survey 
routes by tracing the routes over a base layer of orthophotos for each farm (Minnesota 
Department of Natural Resources, St. Paul, MN, USA and Wisconsin Department of 
Natural Resources, Madison, WI, USA). 
 
Results 
Survey lengths varied depending on available road surface. Surveys on Farm A 
were 1.8 and 1.6 kilometers long for the on-site and off-site surveys, respectively (Figure 
3-1). Farm B had lengths of 6.9 km for the on-site survey and 2.1 km for the off-site 
survey (Figure 3-2). Survey lengths for Farm C were 4.7 km and 3.4 km for on-site and 
off-site surveys, respectively (Figure 3-3).  
The mean rate of predator sign varied from 0.072 signs/km to 1.256 signs/km 
(Table 3-1) on farms. Wolf sign varied from 0.048 signs/km to 0.942 signs/km for all the 
farms. Mean rate was 0.406 signs/km for all predators and 0.150 signs/km for wolf sign 
alone for the on-site surveys on Farm A. Mean rate for off-site surveys was 0.072 
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signs/km for all predator sign and 0.048 signs/km for wolf sign alone. Mean rate for Farm 
B was 0.374 signs/km for all predator sign and 0.133 signs/km for wolf sign on-site, and 
0.794 signs/km for all predators and 0.079 for wolf sign alone off-site. Mean rate for 
Farm C was 1.256 signs/km for all predators and 0.942 signs/km for wolf sign for the on-
site surveys and 1.064 signs/km for all predator sign and 0.812 signs/km for wolf sign on 
the off-site surveys.  
Paired t-tests for Farm A showed a possible trend towards a difference between 
on and off-site track rates (Table 3-2). In addition, Farm B with all predator sign also 
showed a possible trend towards a difference in track rates. Farm B with wolf sign only 
and Farm C t-tests showed no trends in the data.  
Table 3-3 provides 2x2 tables for each of the farms with all predator sign and 
wolf sign alone which were used to conduct the Fisher’s exact tests. Farm A for all sign 
and Farm B for wolf sign showed a possible trend with the Fisher’s exact tests (Table 3-
4). There was no apparent trend in the remainder of the tests. 
  Predator tracks and scat found on the on-site survey line for Farm A were 
concentrated in 2 areas (Figure 3-1). Only 2 tracks were found on the off-site survey for 
Farm A, both of which were wolf tracks (Figure 3-2). Predator sign was concentrated 
more heavily on the northern areas of the on-site survey line on Farm B (Figure 3-3). 
Sign along the off-site survey line on Farm B was spread uniformly with no apparent 
areas of concentration although very few of the signs were wolf sign (3 tracks; Figure 3-
4). Tracks and scat were concentrated in the middle section of the on-site survey line on 
Farm C (Figure 3-5). Sign along the off-site survey line was uniformly distributed with  
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Table 3-1. Mean and variance of predator sign along track surveys on study farms. 
 
Location Survey distance (km) 
Mean  number 
of sign per km 
for all predators 
(Variance in 
parentheses) 
Mean  number 
of sign per km 
for wolves only 
(Variance in 
parentheses) 
On-Site (n=26) 1.8 0.406 (0.927) 0.150 (0.162) 
Farm A 
Off-Site (n=26) 1.6 0.072 (0.073) 0.048 (0.029) 
On-Site (n=12) 6.9 0.374 (0.120) 0.133 (0.040) 
Farm B 
Off-Site (n=12) 2.1 0.794 (0.715) 0.079 (0.034) 
On-Site (n=21) 4.7 1.256 (1.996) 0.942 (1.736) 
Farm C 
Off-Site (n=21) 3.4 1.064 (2.478) 0.812 (1.539) 
Table 3-2. Paired t-test results for predator sign on study farms to compare on-site sign 
occurrence and off-site sign occurrence.  
 
Predator sign 
(gray wolf, 
coyote, and 
black bear) 
t-Statistic p-Value Degrees of freedom 
All sign -1.773 0.089 25 
Farm A 
Wolf sign -1.479 0.152 25 
All sign 1.448 0.176 11 
Farm B 
Wolf sign -0.690 0.505 11 
All sign -0.542 0.594 20 
Farm C 
Wolf sign -0.480 0.637 20 
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no apparent pattern. There was no apparent difference in approximate sign occurrence 
between all predators and wolf sign alone (Figures 3-5 and 3-6). 
 
Discussion 
Interestingly, I did not detect differences in predator tracks on and off of farms. 
Although there were possible trends toward differences in predator sign, these were not 
great enough to conclude rates of sign on and off farms were different with any 
significance. Also, coyotes and black bears both seem to use farm land and forested land 
at approximately equal rates with no apparent pattern. I expected that wolf sign would 
occur at higher rates on the farm sites due to the readily available food source (beef 
calves). In addition, farms provide lots of edges within the landscape, giving white-tailed 
deer a varying food source which should increase the population of deer on the farm. The 
increased deer population should then allow for larger wolf pack sizes and, as a result, 
more wolves on the farms to prey on the deer. There was a slight trend toward this but the 
difference was not great enough to conclude that wolves frequent farms more than 
adjacent land with any significance.  
The majority of tracks were found in forested areas with few occurring in 
crop/grass land (Figures 3-1, 3-3, and 3-5). These high numbers of tracks may have been 
due to the substrate in these areas or just that predators prefer to travel through wooded 
areas as opposed to open areas. The substrate in the forested areas was saturated with 
moisture for a longer period of time than the open areas, most likely due to the shade 
provided by the canopy. In addition, fewer grasses were able to grow along the survey 
lines in the forested areas than in the open areas due to the lack of sunlight. The 
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Table 3-3. Two-by-two tables of the number of days predator sign was present or 
absent on and off study sites. 
  All Sign  Wolf Sign 
  On-Site 
Off-
Site  
On-
Site 
Off-
Site 
Present 6 2  4 2 Farm 
A Absent 20 24  22 24 
       
Present 9 7  5 2 Farm 
B Absent 3 5  7 10 
       
Present 16 13  13 11 Farm 
C Absent 5 8  8 10 
Table 3-4. Fisher’s exact test for the number of days all predators and wolves 
alone are present versus absent, on versus off of study sites. 
 
Predator sign 
(gray wolf, 
coyote, and 
black bear) 
p-Value Sample size (n) 
All Sign 0.249 52 
Farm A 
Wolf Sign 0.668 52 
All Sign 0.667 24 
Farm B 
Wolf Sign 0.371 24 
All Sign 0.506 42 Farm C 
Wolf Sign 0.756 42 
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Figure 3-1. On-site and off-site survey lines on Farm A with all predator locations and 
carcass locations plotted over vegetation structure.  
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Figure 3-2. On-site and off-site survey lines on Farm A with wolf sign and carcass 
locations plotted over vegetation structure. 
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Figure 3-3. On-site and off-site survey lines on Farm B with all predator locations plotted 
over vegetation structure.  
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Figure 3-4. On-site and off-site survey lines on Farm B with wolf sign plotted over 
vegetation structure.  
 
 
 
42 
 
 
Figure 3-5. On-site and off-site survey lines on Farm C with all predator locations and 
carcass locations plotted over vegetation structure.  
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Figure 3-6. On-site and off-site survey lines on Farm C with wolf sign and carcass 
locations plotted over vegetation structure.  
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combination of these factors may have made it easier to discover predator tracks in the 
forested areas. 
I conducted the Fisher Exact Test to account for the variation in substrate 
moisture and the possible bias this may cause in the data. By summarizing the survey 
data into predators either being present or absent, on or off the farm, any variation along 
the survey line will be removed from the analysis. This summarization also removes any 
bias created by the variation in rainfall from one track survey to the next. As the results 
show, the removal of these possible biases does not alter the overall findings of the paired 
t-test. Both tests resulted in no significant difference between the on-site surveys and off-
site surveys for each farm, thus suggesting that predators are indeed using both areas at 
approximately equal rates. 
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CHAPTER 4 
EVALUATION OF RADIO TELEMETRY EAR TAGS AND COLLARS 
 FOR MONITORING CALVES 
 
Introduction 
New technologies can assist biologists and producers in tracking the fate of 
livestock, especially in areas with well-established patterns of predator depredation.  The 
objective of this study was to compare 2 technologies, radio ear tags and radio collars, for 
usefulness as a monitoring tool for beef calves. 
 
Study Area 
During the spring and summer of 2006 and 2007, radio telemetry ear tags and 
collars were attached to beef calves on 3 farms in northern Minnesota and Wisconsin. 
The 3 farms were in Barron and Douglas Counties in Wisconsin (Farm A and Farm B, 
respectively) and Itasca County in Minnesota (Farm C). Each farm consisted of a 
forest/agricultural land matrix with slight variations in elevation (less than 1,000 feet 
variation between all farms). Cattle were allowed to graze all parts of the farms including 
the forested areas.  
 
Methods 
Transmitters 
During the spring calving seasons, calves were marked as soon as possible after 
birth using custom expandable radio collars (no model number) and model M3430 radio 
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ear tags (Advanced Telemetry Systems, Inc., Isanti, MN). Radio collars were set to the 
smallest neck size (20 inches) and slipped over the calf’s head in the field. Radio ear tags 
were applied in the field using standard ear tag applicator pliers. Ear tags were placed in 
the middle of the calf’s ear in the same position as a standard identification ear tag.  
Radio collars had a battery capacity of 706 days (Table 4-1). The pulse rate for 
the collars was 55 pulses per minute (ppm) and had a 4-hour mortality switch with 110 
ppm. Collars each weighed 245 grams (less than 1% of a newborn calf’s normal 30 kg 
weight). Radio collars were constructed with an elastic portion that was sewn into folds. 
As the calf grew, the stitching holding the folds is designed to break and the collar to 
expand. After the 3 folds had broken apart, the elastic would still allow the collar to 
expand to accommodate a full-grown cow. At the end of each study season, close 
attention was paid to the condition of the neck tissue under the collars to determine if the 
collars damaged the calves’ necks in any way. 
Radio ear tags had a battery capacity of 586 days (Table 4-1). The pulse rate for 
the ear tags was 40 ppm and had a 4-hour mortality switch with 80 ppm. The ear tags 
each weighed 18 grams with an additional 1.7 grams for the applicator button used to 
attach the ear tag to the calf’s ear for a total weight of 19.7 grams. Again, this weight is 
less than 1% of a new-born calf’s weight.  
Following the conclusion of the study, farmers were informally questioned to 
determine their thoughts on the usefulness of the transmitters. Farmers were also 
encouraged to express any concerns for the health and well-being of the calves caused by 
the transmitters throughout the course of the study. 
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Performance of transmitters was assessed after the study was completed to 
determine the distance the ear tag and collar transmitter signals could travel. Radio signal 
distance was measured for both ear tags and collars in Hennepin County, MN to 
determine the distance the radio signals would travel with no interference. These signals 
were measured in the rural area of western Hennepin County along a flat county road in 
an open area with few trees to interfere with the signal. 
Eight ear tags and 8 collars were placed approximately 1 meter off the ground. An 
Icom IC-R10 receiver was used with a 3-element folding Yagi antenna to detect the 
signals. The signals were checked every tenth of a mile to determine if the transmitter 
could be heard and the distance at which the transmitter failed (could not be heard) was 
recorded. 
Data Analysis 
Signal distances for the ear tag and collar transmitters were recorded and 
differences were assessed using 2-sample t-tests assuming equal variances (Microsoft® 
Excel Analysis ToolPak Microsoft® Office Excel 2003, Microsoft Corporation, 
Redmond, WA, USA).  
 
Results 
During the 2006 study season, Farm A applied 38 radio collar transmitters, Farm 
B applied 68 collars and 101 radio ear tag transmitters, and Farm C applied 106 collars 
and 4 ear tags (Table 4-2). During 2007, Farm A applied 35 radio collars, Farm B was 
unable to participate in the study, and Farm C applied 164 radio collars to beef calves.  
The mean distances before the radio signals failed for the collar and ear tag 
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transmitters were 2.3 miles and 0.4 miles, respectively. The collar transmitters varied 
from 1.5 miles before failure to 2.7 miles and the ear tags varied from 0.2 miles to 0.5 
miles (Table 4-3). The t-test to compare the signal distances between collars and ear tags 
Table 4-1. Radio ear tag and collar transmitter specifications including the price of each 
transmitter with a bulk order (at least 20 transmitters) from Advanced Telemetry Systems, 
Inc., Isanti, MN, USA. Prices were only valid for 2006 and 2007. 
Model Price (bulk order) 
Pulse 
Rate 
Mortality 
Pulse Rate Weight 
Battery 
Capacity 
CUSTOM3 
(Collar) $245.50 55 ppm 110 ppm 245 grams 706 days 
M3430 
(Ear Tag) $162.00 40 ppm 80 ppm 19.7 grams 586 days 
Table 4-2. The number of ear tag and collar transmitters each of the 3 study farms applied 
to their calves during the 2006 and 2007 study seasons. 
 Year Number of Ear Tags Number of Collars 
2006 -------- 38 
Farm A 
2007 -------- 35 
2006 101 68 
Farm B 
2007 -------- -------- 
2006 4 106 
Farm C 
2007 -------- 164 
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was significant (t-stat = 12.3, d.f. = 14, p < 0.001). 
 
Discussion 
A less expensive, and more easily attached radio transmitter, was the primary 
reason for testing ear tag transmitters. Ear tag transmitters can be attached at the same 
time as most farmers ear tag their calves with identification tags. The battery capacity of 
the ear tag transmitter model we used was 80% of the capacity of the expandable collars, 
but was still active > 1 year. Each calf is normally gathered at the end of the year for 
vaccinations and weaning which allows the ear tag to be removed at that time.  
Another advantage of ear tags is that as the calf grows no stitching needs to break 
 
Table 4-3. The distances to failure of the radio signal for each ear tag and collar 
transmitter tested. 
Collar Frequency Distance to Failure Ear Tag Frequency Distance to Failure 
168.327 1.5 miles 165.141 0.5 miles 
168.539 1.9 miles 165.174 0.4 miles 
168.914 2.1 miles 165.192 0.4 miles 
169.075 2.5 miles 165.252 0.5 miles 
169.217 2.4 miles 165.492 0.4 miles 
169.237 2.7 miles 165.508 0.4 miles 
169.390 2.7 miles 165.770 0.5 miles 
169.513 2.4 miles 166.307 0.2 miles 
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to expand to the calf’s increasing neck size, as in the case of the radio collars. Although 
there were no calves that had damage to their necks due to the radio collars, there is 
always a chance that this or accidental strangulation could occur. 
A large drawback of the widespread use of ear tag transmitters was that they had a 
noticeably shorter signal distance than the collar transmitters as shown by the test 
following the study. Throughout the 2006 study season, this shorter signal distance 
necessitated more searching and travel through the study sites to locate the signal.  
Overall, the 3 farmers were pleased with the capabilities of both the ear tags and 
the radio collars. They were impressed with the ability to track and find a calf in wooded 
areas that would otherwise be unable to find. During the 2006 study season, farmers from 
Farm A and Farm C were concerned with the force needed to expand the radio collars.  In 
addition, the farmers from Farm B and Farm C were both concerned at the end of the 
2006 study season with the ear tag transmitters. Several ear tag transmitters had ripped 
out of the calves ears during the season. In addition, several of the calves had severe 
drooping on the ears where the transmitter had been attached. Both farmers were 
concerned with the results of these ripped and drooping ears. They thought that the value 
of the calves would not be as high at market because the damaged ears made the calves 
appear unhealthy. 
At the beginning of the 2006 study season, farmers preferred the ear tag 
transmitters due to the ease of application. However, after the ear tags caused possible 
reduction in the calves’ values, the additional time necessary for attaching the collar 
transmitters was deemed acceptable by the farmers. The 2 farmers that used the ear tags 
also used radio collars and asked for no ear tags to be used for the 2007 study season.  
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As the cost of technology continues to decrease, these radio collars could be an 
integral part of livestock producers operations. The ability to locate animals in dense 
vegetation, especially in predator-prone areas could save producers significant money in 
the long run if the cost of these collars were to drop to an acceptable level.  
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CHAPTER 5 
SUMMARY 
 Several interesting and important conclusions can be drawn from this study. 
Chronic problems with wolf depredations do not mean that these problems will be 
continuous or consistent. Over the course of the 2 year study, 4 calves were predated by 
wolves at the 3 study sites. No depredations occurred in 2006 while 4 occurred in 2007.  
 Wolves did not select the youngest calves available. Instead, they may have 
selected prey opportunistically based on random occurrence. Of the 4 calves killed by 
wolves, 1 was the oldest at the time of depredation, 1 was the youngest, and the 
remaining 2 fell in the middle of the calf age distribution at the time of each respective 
depredation. In addition, the color and/or sex of the calf appear to play no role in the 
selection process. Of the 4 calves killed, 2 were black, 1 was white, and 1 was black. 
Three of the 4 calves were female but this is too small of a sample size to draw definitive 
conclusions. 
 Depredations occurred across the current probable wolf range in Minnesota and 
Wisconsin with no apparent pattern. Wolves appear to be selecting calves in a variety of 
habitats across their range. The current area experiencing problems can be expected to 
expand as wolf populations expand and wolves come in to contact with more and more 
livestock farms. 
 I found no difference in carcass visibility between wolf depredations and 
unconfirmed depredations. This means that livestock producers have equal chances of 
discovering wolf depredations as they do of discovering unconfirmed depredations. 
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While some depredations may never be discovered, some unconfirmed depredations are 
also most likely never discovered. The sample size in this study is relatively small (36 
confirmed and 12 unconfirmed depredations) and more research is needed to investigate 
this further. 
 My data, as well as past research, indicates that some depredations can be 
prevented by conducting wolf control (Fritts et al. 1992, Harper et al. 2008). Four of the 
11 calf-seasons control occurred, there were no depredations the following season. While 
4 of the 11 calf-seasons control occurred with at least 1 depredation the following season, 
3 calf-seasons in which control did not occur there was at least 1 depredation the 
following season. It is possible that these depredations could have been prevented if wolf 
control occurred the previous season. 
 There was a possible trend towards increased wolf presence on farms versus on 
land adjacent to farms but the differences were not significant. Further research is needed 
to draw definitive conclusions. 
 Finally, radio collars seem to be more applicable than ear tag transmitters for 
monitoring beef calves. The significantly longer signal distance and reduced chance of 
injury to the calf are the major advantages of using radio collars. Currently, cost is the 
inhibiting factor for the widespread use of radio telemetry for monitoring beef calves. 
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